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Abstract
Purpose Epidemiological TB data indicate differences in infection prevalence, progression rates, and clinical disease inci-
dence between sexes. In contrast, evidence on sex-specific differential (post) TB case fatality in Europe has not been syn-
thesized systematically.
Methods We searched electronic databases and grey literature up to December 2020 for studies reporting sex-stratified TB 
death data for Europe. The JBI critical appraisal tools served for bias risk assessment and subgroup analyses for studying 
heterogeneity. Random-effects models meta-analyses enabled estimating pooled relative risks of sex-associated TB fatality. 
Considering associations of comorbidities and risk factors on fatality differences, we applied relative risk meta-regression.
Results Based on 17,400 records screened, 117 studies entered quantitative analyses. Seventy-five studies providing absolute 
participant data with moderate quality and limited sex stratification reported 33 to 235,000 TB cases and 7 to 27,108 deaths. 
The pooled male-to-female TB fatality risk ratio was 1.4 [1.3–1.5]. Heterogeneity was high between studies and subgroups. 
Study time, concurrent comorbidities (e.g., HIV, diabetes, cancers), and mean participant ages showed no effect modification. 
We identified higher male TB fatality in studies with higher homelessness (coefficient 3.18, 95% CI [-0.59 to 6.94], p-value 
0.10) and lower migrants proportion (coefficient − 0.24, 95% CI [− 0.5 to 0.04], p-value 0.09).
Conclusion We found 30–50% higher TB case fatality for males in Europe. Except for homelessness, migration, and a trend 
for some comorbidities, assessing effect modification could not reduce our meta-analysis’ high heterogeneity. Public health 
authorities should take heed of this higher risk of dying in male patients’ treatment services.
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Introduction

Tuberculosis (TB) is the most common bacterial infectious 
disease and the leading cause of death from a single infec-
tious agent in humans [1]. The association between latent TB 

infection (LTBI) or TB disease and the presence of socio-
demographic and other risk factors is well described. These 
include but are not limited to origin or nationality, medical 
comorbidities such as diabetes or co-infection with HIV and 
hepatitis viruses, risk factors like alcohol, drug consump-
tion, and nicotine dependence, previous prison stays, and, 
last but not least, sex [2–20].

Globally, adult males show higher rates of TB than 
females. TB notification rates in most countries are generally 
1.6- to 2.7-fold higher for HIV-negative men than for HIV-
negative women [2]. Regardless of ethnicity or geographic 
location, epidemiologic data for TB indicate sex differences 
in infection prevalence, progression rates, clinical disease 
incidence, and morbidity and mortality rates at the expense 
of men [1].

The cause of this sex bias has not yet been fully elu-
cidated; major influences include socio-economic and 
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behavioral factors as well as underreporting of female 
cases, access to health care, but also potential genetic dif-
ferences regarding susceptibility for tuberculous infection 
[2]. Lifetime prevalence estimates of self-reported TB in 
one of the largest population-based cohorts in Germany 
are not highly different for men and for women, which—
in addition to potential sex-differentiated information and 
selection bias in this cohort study—could be an effect of 
shorter survival of men with TB [21]. Well-designed sys-
tematic analyses of differential TB case fatality for men 
and women in Europe are, therefore, critical but limited 
[4, 19, 20].

We, therefore, systematically assessed evidence of dif-
ferences in TB case fatality between men and women in 
Europe and investigated additional characteristics modify-
ing these differences.

There are different data sources available that deliver 
TB death information. Mortality data (about deaths from 
TB in HIV-negative persons) are usually derived from 
national vital registrations comprising death certificates 
based on ICD-10 or former ICD classification codes. The 
current ICD-10 codes for TB are A15 to A19, and B-90 
for TB sequelae. Deaths of HIV-positive persons with TB 
comorbidities are usually coded for HIV as death cause 
[22].

TB fatality can be estimated based on the WHO treatment 
outcome definitions [23]. Many studies use TB registers/
surveillance data as common sources for fatality estimations.

Usually, cohort studies follow-up on TB patients after 
treatment, either reporting mortality (mostly deaths of any 
cause compared with the general population) or fatality in 
the post-TB cohort.

Methods

We conducted a systematic review and meta-analysis accord-
ing to the PRISMA guidelines [24] to summarize current 
evidence on differences in TB case fatality between men and 
women in Europe and factors influencing these differences 
(PROSPERO (CRD42021224045)).

The target disease was active TB without further restric-
tions, which included persons with active TB or former TB 
disease for whom sex-specific disaggregated or aggregated 
TB and death data were available. Non-binary definitions 
of sex or intersexuality were not considered due to a lack of 
data on these categories.

The main outcome was during- and post-TB case fatal-
ity estimates, differentiated by sex. Relative risks served as 
measures of effect within all analyses. Insufficient data about 
extra-pulmonary TB (EPTB) cases did not allow stratified 
analyses for the type of active TB.

Search strategy and selection criteria

We searched Medline, Pubmed, Embase, the Global 
Health databases, the Cochrane Library, and the grey lit-
erature for the European region, as defined by the WHO, 
up to December 11, 2020, without further time restrictions 
(Online Resource 1).

Records were included if they contained sex-specific 
TB death data without any restrictions to specific sites of 
TB disease (Online Resource 2). Eligible studies had to 
report during- or post-TB deaths of the general popula-
tion within the WHO region Europe (Online Resource 3), 
representing information for both sexes. Furthermore, the 
studies had to provide sufficient information to calculate 
the relative risks of male and female TB case fatality and 
the respective risk ratios. We included observational stud-
ies, such as prevalence, cross-sectional studies, cohort 
and case–control studies, intervention studies, e.g., (ran-
domized) controlled therapy studies, and diagnostic and 
prognostic studies. No restrictions were in force regarding 
time, language, or TB stage (exposure, latent, and active 
disease) or sources of TB data. We accepted TB death 
information from vital registration systems and TB sur-
veillance/notification records, but also from another origin.

Due to a large number of records to screen, one author 
(SP) reviewed all titles and abstracts, while a second 
author (SJK) independently reviewed a random selection 
of 1,000 records for inclusion. Two authors (SP and TH) 
independently and completely screened all records eligi-
ble for full-text screening based on the before-mentioned 
criteria. The online tool Rayyan was used for screening 
[25]. Discrepancies were resolved and agreed upon in a 
consensus meeting. A third reviewer was available for the 
resolution of unsolved conflicts. The references excluded 
during full-text screening were listed, stating the reasons 
for exclusion according to the PRISMA guidelines [24].

Data extraction

Applying a standardized pre-tested data extraction tool, 
SP extracted bibliographic, clinical, and demographic 
information (Online Resource 4). The TB incidence and 
death data retrieved for males and females from all publi-
cations included in quantitative analyses set the ground for 
meta-analyses of the entire dataset, stratified by reported 
outcome (dependent variable) and subgroups concerning 
sex differences in TB deaths in Europe. Considering the 
insufficient sex-stratified information concerning TB dis-
ease, deaths, comorbidities, and risk factors, we decided 
to merge the studies, despite their heterogeneous charac-
teristics, by the reported effect estimates and investigate 
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heterogeneity through subgroup and sensitivity analyses. 
Due to the restricted number of publications reporting out-
comes other than absolute numbers of TB cases and TB 
deaths, subgroup analyses occurred in the studies provid-
ing absolute numbers exclusively.

Risk of bias assessment

The Joanna Briggs Institute Critical Appraisal Tools (JBI 
CAT) were used for quality assessment for all included 
studies published in 1990 or later covering the 1990s 
upwards (Online Resource 5) [26].

Data analysis

Random-effects meta-analyses and subgroup analyses were 
performed on the web server Onlinemeta v1.0: 2022.3.15, 
Update: 2022.10.27. JASP 0.16.3-Debug and Rstudio 
Cloud version 4.2.1 were applied to conduct meta-regres-
sions [27–29]. The robvis web app served as a tool for the 
risk of bias visualization [30]. Krippendorff’s alpha was 
calculated to assess the reliability of inclusion decisions 
and the risk of bias assessment between the two independ-
ent investigators [31].

Random‑effects meta‑analyses of sex‑associated TB 
fatality

Based on the data extracted, we tabulated TB cases and 
deaths, stratified by study and sex, and calculated indi-
vidual and pooled male-to-female risk ratio estimates and 
their 95% confidence intervals (CI). If studies provided 
death information in a data format other than absolute 
numbers, e.g., (standardized) mortality and risk rates, 
hazard or odds ratios, these effect sizes and 95% CIs were 
estimated separately (Online Resource 6).

The risk of publication bias investigation applied the 
funnel plot function and trim-and-fill method on the 
Onlinemeta web server.

Concerning heterogeneity, we conducted subgroup 
analyses based on the study characteristics. Investigating 
heterogeneity from a clinical perspective did not occur due 
to insufficient reporting of medical information regarding 
the various study populations. We studied heterogeneity 
visually in the forest plots and based on the χ2, I2, τ2, and 
τ statistics.

Considering sensitivity analyses, we excluded eight stud-
ies with effect size estimates higher than 2.0 from the full 
dataset and repeated all before-mentioned analyses with this 
restricted, “outlier-cleaned” dataset (Online Resource 7).

Meta‑regression

We used relative risk regression methods provided by 
the R package ‘metafor’ v3.8-1 to estimate the effects of 
comorbidities, socio-demographics, and risk factors on the 
TB fatality risk ratio between males and females [32]. The 
estimations relied on the proportions of each comorbidity, 
socio-demographic, or risk factor for each study population 
with sufficient data. Based on that, variables with ten or 
more data values entered univariate meta-regression analy-
ses using a mixed-effects model with one moderator and the 
restricted maximum likelihood (REML) method for τ2 and 
I2 estimation considering heterogeneity [33]. Univariate and 
multivariable meta-regression models exclusively included 
continuous moderators (Online Resource 8).

Results

Systematic review

The database search identified 17,400 records, of which 
16,332 were excluded during the titles and abstract review. 
Of 1,111 entries eligible for a full-text review, 848 were 
excluded, leaving 263 articles for qualitative assessment 
(Fig. 1).

The studies were published between 1904 and 2020, cov-
ering an observation period from 1786 to 2019. The time 
observed by each study ranged from 1 to 120 years (Online 
Resource 9). Based on these characteristics, we decided to 
focus the investigations on those studies published in 1990 
or later with an observation period covering the 1990s up 
to the literature search date, resulting in 135 studies for fur-
ther qualitative analyses (Online Resource 10). Briefly, the 
evidence body covered studies published between 1997 and 
2020, with an observation period from 1980 to 2019, and 
reporting sex-related TB death data from several European 
regions and individual member states of the WHO region 
Europe. About one-fourth of the studies (n = 32) observed 
only 1 year, whereas the remaining publications covered 
2–18 years, with one outlier reporting over 24 years (Online 
Resource 11). Among the countries contributing six or more 
studies were France, the Netherlands, Italy, Spain, the United 
Kingdom, Germany, Russia, and Poland. Austria, Greece, 
Hungary, and Iceland were no longer included in the dataset 
(Online Resource 12). Apart from vital statistics, the stud-
ies included in this review used notification data and infor-
mation derived from hospitals and TB dispensaries as data 
sources. Most included studies focused on treatment out-
comes, risk factors, and mortality investigations, mostly TB 
specific and independent from the study population or set-
ting. Only two publications [34, 35] addressed sex-stratified 
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mortality analysis in their objectives. Further information 
can be found in the Online Resource 13.

The risk of bias in the 131 publications assessed was 
moderate because of quality issues concerning the study 
population recruitment, patient flow, follow-up, exposure 
measurement, confounder identification, and control strate-
gies (Online Resource 14).

The inter-rater reliability of the title/abstract screening, 
calculated as Krippendorff’s alpha, was α = 0.280 (SE 0.074; 
95% CI [0.128–0.420]).1 All disagreements could be fully 
resolved.

After data extraction, 117 publications remained for 
meta-analyses reporting the sex-related TB death data as 
different effect estimates, mostly in absolute numbers (92 
publications) (Online Resource 15). Regarding the absolute 
numbers dataset, we introduced the regional datasets pro-
vided by the Global Burden of Disease (GBD) Study 2014 
[36] as separate entries, increasing the publication number 
from 92 to 94. Notably, the TB definition of the GBD study 
included the group of TB sequelae, which in many countries 
represents the majority of TB-related deaths.

Apart from that, the systematic review did not identify 
any studies reporting a diagnosis of non-communicable dis-
eases or other sequelae after recovery from TB in the context 
of TB deaths of males and females in Europe.

Fig. 1  PRISMA flow chart

1 Two raters/measurements and one thousand and two subjects/items. 
Confidence intervals are based on percentiles from 1,000 bootstrap 
replications; calculated with JASP.



Tuberculosis case fatality is higher in male than female patients in Europe: a systematic review…

Meta‑analyses of individual effect estimates 
of sex‑stratified TB fatality

The available data enabled estimating and comparing the 
male-to-female TB fatality ratio estimates for each coun-
try or subnational region but not differentiating during- and 
post-TB events. By applying a random-effects model, we 
conducted separate meta-analyses of each reported effect 
size type except for risk ratios, and survival time (n = 3). 
The regression tests of asymmetry in the funnel plots 
did not indicate publication bias for the sex-stratified TB 
fatality risks within the final datasets analyzed (Online 
Resource 16).

Ninety-four studies provided absolute numbers for 
relative risk calculation (Table 1, Online Resource 17). 
We agreed to exclude another two records [37, 38] from 
the absolute numbers dataset due to data similarities and 
duplication concerns. As the remaining dataset included 17 
publications (Online Resource 18) exclusively focusing on 
TB death or autopsy cases resulting in male-to-female fatal-
ity ratios with the value “1,” we decided to separate these 
studies and perform the main meta-analysis with a limited 
dataset (n = 75; including 29 cohort studies). 

Meta-analysis was not applicable for three studies with 
outcomes other than the before-mentioned effect sizes facing 
missing outcome similarity or retraction [39–41].

Main analysis

The 75 studies providing fatality data in absolute numbers 
comprised study populations of 33 to 235,000 TB cases and 
7 to 27,108 death cases. The meta-analysis found a pooled 
male-to-female TB fatality risk estimate of 1.4 [1.3–1.5], 
with individual estimates ranging from 0.8 [0.4–1.6] to 7.8 
[0.5–129.0] (Fig. 2). The pooled results of the full (n = 94) 
and the limited dataset (n = 75) did not differ remarkably. 
However, the full dataset came with a broader confidence 
interval (Table 1). The χ2, I2, and τ2 tests showed high het-
erogeneity between the sex-associated relative risks of TB 
fatality derived from the primary studies (Table 1, Online 
Resource 19).

We conducted subgroup analyses to explore heterogene-
ity based on study characteristics for the relative TB fatality 
estimates derived from absolute numbers (dataset n = 75).

Given the possible impact of different study designs 
on the effect estimates, the respective subgroup analysis 
presented a higher TB death risk for males throughout all 
designs (case–control, cohort, cross-sectional, descriptive, 
and interventional studies), covering pooled estimates from 
1.1 [0.4–3.5] to 1.5 [1.3–1.8]. Concerning heterogeneity, the 
cohort study subgroup (male-to-female RR = 1.4 [1.3–1.4]) 
indicated the lowest variance in true effects related to the Ta
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Fig. 2  Forest plot of publica-
tions reporting absolute num-
bers (n = 75)
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observed effects variance (I2 = 15%, df = 28, p = 0.24) 
(Online Resource 19).

To investigate the sex-stratified TB fatality by time and 
region, we grouped the studies in four regions (Europe, Cen-
tral, Eastern, and Western Europe) and seven observation 
periods (1980s–1990s, 1990s, 1990s–2000s, 1990s–2010s, 
2000s, 2000s–2010s, 2010s). The regional subgroup esti-
mates reached from 1.2 [0.9–1.6] (Europe) to 1.6 [1.4–1.7] 
(Central Europe). The estimates of the subgroup analysis 
by time ranged from 1.2 [0.5–2.7] (1980s–1990s) to 1.6 
[1.4–1.9] (1990s–2000s). Both analyses indicated relevant 
subgroup differences (Online Resources 19–21).

Additional analyses

Apart from the main meta-analysis (n = 75), we performed 
sensitivity analyses with the remaining datasets and an out-
lier-restricted dataset of the main study (n = 67) (Table 1). 
The pooled estimate of the latter dataset (n = 67) was similar 
to the result of the main analysis.

Studies reporting hazard ratios (HR) (n = 3; all being 
cohort studies), odds ratios (OR) (n = 7; five of them being 
cohort studies), and TB mortality plus incidence rates 
(n = 15) resulted in pooled effect estimates between 1.3 
[1.2–1.5] and 1.5 [0.9–2.4].

When restricting the dataset to (standardized) mortality 
rates (SMR) (Online Resources 22–24), the pooled rela-
tive risk of TB mortality in males compared to females 
was notably higher for SMR (6.2 [4.7–8.2]) (Online 
Resource 24), compared to non-standardized mortality 
rates (2.6 [2.0–3.3]) (Online Resource 22). However, the 
SMR results were mainly dictated by studies from Russia 
from the 1990s to 2010.

Throughout all meta-analyses, most primary studies 
estimates indicated a higher risk of dying for males, but 
not the Western European subgroup of the GBD Tubercu-
losis Collaborator publication (2014), comprising active 
TB cases and those with TB sequelae [36] (male-to-female 
RR = 0.862 [0.81–0.91]) (Table 2).

Table 2  Studies reporting higher TB deaths for females

Events TB deaths, total all individuals diagnosed with TB, M males, F females, risk ratio M/F male-to-female risk ratio (relative risk), odds ratio 
M/F male-to-female odds ratio, CI 95% 95% confidence interval, EE Eastern Europe, WE Western Europe
a 16 European countries (Western Europe (n = 317): Belgium, Denmark, France, Italy, Spain, Switzerland, and the UK. Eastern Europe (n = 834): 
Belarus, Estonia, Georgia, Latvia, Lithuania, Poland, Romania, Ukraine, and Russia)

Absolute numbers

Study (country/
region)

Events (M) Total (M) Events (F) Total (F) Risk ratio M/F CI 95% lower CI 95% upper

Erbes 2006 (Ger-
many)

11 46 3 12 0.957 0.316 2.895

GBD Tuberculosis 
Collaborator 2014 
(Western Europe)

2660 29,517 2011 19,185 0.860 0.814 0.908

Lanoix 2014 
(France)

16 77 5 20 0.831 0.346 1.995

Makhmudova 2019 
(Tajikistan)

49 342 40 259 0.928 0.631 1.364

Podlekareva 2016 
(16 European 
countries)a

170 (EE: 160; WE: 
10)

830 (EE: 
626; WE: 
204)

66 (EE: 63; WE: 3) 321 (EE: 
208; WE: 
113)

0.996 (EE: 
0.844; WE: 
1.846)

0.773 (EE: 
0.660; WE: 
0.519)

1.283 (EE: 
1.079; WE: 
6.572)

RKI 2017 (Germany) 65 4000 35 1905 0.884 0.589 1.329
RKI 2019 (Germany) 85 3626 44 1795 0.956 0.667 1.370
RKI 2020 (Germany) 82 3117 47 1665 0.932 0.654 1.327
Valade 2012 (France) 14 40 6 13 0.758 0.368 1.563

Odds ratio

Study (country/
region)

Events (M) Total (M) Events (F) Total (F) Odds ratio M/F 95% CI lower 95% CI upper

Aibana 2018 
(Ukraine)

n/a n/a n/a n/a 0.850 0.371 1.946

Cayla 2009 (Spain) n/a n/a n/a n/a 0.980 0.442 2.171
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Factors modifying the association between sex 
and TB fatality

Based on the dataset derived from studies reporting abso-
lute numbers (n = 75), we found a tendency for higher risk 
ratios of TB fatality for males in those studies with a higher 
proportion of homeless persons. That means a 10% increase 
in homelessness within a study population let the male-to-
female TB fatality rise by 0.3 to the extent of men (coef-
ficient 3.18, 95% CI [− 0.59 to 6.94], p-value 0.10). The 
same applied in those studies with a lower proportion of 
migrants. In contrast to homelessness, a 10% increase in 
migrants within a study population let the male-to-female 
TB fatality shrink by 0.02, favoring women (coefficient 
− 0.24, 95% CI [− 0.5 to 0.04], p-value 0.09) (Fig. 3, Online 
Resources 25–27). Also, there was a tendency in those stud-
ies with a higher proportion of persons with comorbidities to 
report lower risk ratios of TB fatality for men than in those 
studies with lower proportions of comorbidities, in particular 
for diabetes, hepatitides/cirrhosis, and other comorbidities.

Mixed-effects univariate meta-regression did not reveal 
any effect modification of the covariates age 15–24, age 
15–44, age 45–64, age 65 +, median age, foreign origin, 
new cases, EPTB, PTB, mixed TB, HIV/AIDS, diabetes, can-
cers, hepatitis/cirrhosis, other comorbidities, any comor-
bidity exc. HIV, any comorbidity, alcohol abuse, smoking, 
drug addiction, former TB, imprisonment, other risk fac-
tors, MDR-TB, and mono-drug-resistant TB (Fig. 3, Online 
Resources 28–29).

Discussion

Main findings

Our work aimed to investigate sex-associated differences in 
TB fatality for the entire WHO region of Europe. Based on 
absolute numbers (dataset n = 75), we calculated a pooled 
male-to-female TB fatality risk estimate of 1.4 [1.3–1.5]. 
Our meta-regression only identified a few modifying factors 
of this excess fatality.

Our findings align with the meta-analysis by Romanowski 
and colleagues comprising TB data from the UK, Denmark, 
USA, India, Israel, Estonia, Ethiopia, China, and Vietnam 
[42]. Based on 10 publications comprising 40,781 post-TB 
patients and 6922 deaths globally, they found a higher SMR 
of 2.94 (95% CI 1.96–4.42) for men compared to women 
(SMR 2.33 (95% CI 1.59–3.41)). That extends our findings 
as our evidence body was not restricted to post-TB patients. 
It shows that accounting for sex-specific risk of dying is 
relevant for both during-TB and post-TB.

The most recent Global Burden of Disease Study (GBD) 
concerning TB focused on sex differences in TB burden on a 

global, regional, and national scale from 1990–2019, strati-
fied by HIV status [43]. Based on vital registration, verbal 
autopsy, and surveillance, the GBD 2019 Tuberculosis Col-
laborators report sex-stratified incident cases and deaths in 
Central, Eastern, and Western Europe, comprising popula-
tions with active TB (ICD10: A15-19) or sequelae of TB 
(B90). For 2019, they found Armenia, Georgia, Ukraine, and 
Moldova among the states with the highest male-to-female 
ratios in age-standardized TB-associated mortality rates.

We conducted a random-effects model meta-analysis of 
the sex-associated relative risk of dying based on the GBD 
2019 data of the female and male incident TB cases and 
deaths for Central, Eastern, and Western Europe. That pro-
vided a pooled male-to-female relative risk estimate (95% 
CI) of 1.27 [1.04–1.55] (Online Resource 30). In addition, 
this meta-analysis reaffirmed the findings of a higher risk 
for females in the Western European subgroup of the Global 
Burden of Disease Tuberculosis Collaborator publication 
(2014) [36] (M:F RR = 0.86 [0.81–0.91]).

Concerning the impact of comorbidities and risk factors 
on sex-associated TB fatality in Europe, our meta-regression 
(dataset n = 75) showed some evidence for effect modifica-
tion of the proportion of homelessness and migrants (Online 
Resource 27) [13, 15, 16, 44–46]. Romanowski et al. found 
cardiovascular disease as an effect modifier for higher TB 
mortality in 4426 post-TB treatment deaths, whereas we 
mainly saw trends but no strong evidence of effect modi-
fication of comorbidities in our synthesis. Similarly, our 
investigation could not identify a large further range of 
modifying factors, which principally suggests a determin-
ing biological factor for the different TB deaths between men 
and women [18]. The involvement of the X chromosome 
and X inactivation in the immune system and its role in the 
sexual dimorphism of infectious diseases was the subject of 
a 2019 review [2], using TB susceptibility as an example. 
The authors concluded that the X chromosome and its inac-
tivation are involved in TB susceptibility and male sexual 
dimorphism.

Limitations

The review’s strengths rely on the broad search strategy 
regarding the search terms applied and language acceptance. 
Our literature search targeted primary research evidence. 
However, our research is prone to various weaknesses.

We found a high extent of heterogeneity regarding study 
design, regions covered, groups of populations included, 
and periods of observation. We decided to still provide 
pooled estimates for the comparison of fatality and mortal-
ity of males and females and made high efforts to assess 
the effect of this heterogeneity further in subgroup analysis 
and meta-regression. This allowed us to provide relative risk 
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Fig. 3  Bubble plots of univari-
ate meta-regression models
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estimates for sex-associated TB death risks for the WHO 
region Europe.

The information abstracted from the studies included in 
the review was characterized by a high degree of missing 
data, in general, and stratified by sex concerning all covari-
ates defined in the review protocol. Therefore, we could not 
estimate and compare the male-to-female ratio differentiated 
in during- and post-TB death estimates in total or within age 
groups or other strata.

We also could not differentiate the time point of death 
during or after recovery from active TB disease due to a lack 
of information provided by the publications. Thus, we were 
not able to assess “fatality” in the post-TB cohort properly. 
The same applied to the underlying cause of TB fatality. We 
could not determine in any publication over the entire range 
of studies whether the underlying cause of death was due to 
TB, with TB, or due to another cause. Therefore, our report-
ing relied on unknown causes.

Conclusion

Our evidence synthesis revealed higher TB case fatality in 
men compared with women in Europe. We identified a few 
effect modifiers for this. Public health services should take 
heed of this higher death risk in males and adjust their pro-
grams concerning screening, diagnosis, and TB treatment.

A lack of sex and gender-stratified information regard-
ing socio-demographics, comorbidities, and risk factors 
limited our findings. Future primary studies in TB research 
in Europe should focus on sex- and gender-related aspects 
of TB mortality and fatality to promote empirical evidence 
synthesis and informed health intervention decision-making 
in this field [47–49]. Undoubtedly, this approach will essen-
tially contribute to the objectives of the WHO’s End TB 
Strategy [50].

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s15010- 024- 02206-z.

Acknowledgements The authors thank Antje Schilling and her col-
leagues from the Hannover Medical School library for their outstanding 
efforts with the full-text collection.

Author contributions BL had the idea of this systematic review and 
meta-analysis. SP designed the meta-analysis and wrote the study pro-
tocol. SP, SJK, and TH conducted the systematic review (screening the 
literature search and selecting included studies). SP extracted clinical 
and demographic information and did a risk of bias assessment for all 
included studies, supported by TH, who independently repeated the 
procedures on a random sample of the publications included (Online 
Resource 31). SP conducted the statistical analysis, analyzed and inter-
preted the data, and wrote the report’s draft with input from BL, IB, and 
MLD. All authors critically reviewed the report and approved the final 
submitted manuscript version. As the first author, SP had full access 
to all study data and was declared responsible for data integrity and 
accuracy of data analysis.

Funding Open Access funding enabled and organized by Projekt 
DEAL. This study was supported by intramural funds from the Depart-
ment of Epidemiology, Helmholtz Centre for Infection Research (HZI), 
Braunschweig, Germany.

Availability of data and materials Most data generated or analyzed dur-
ing this study are included in this published article [and its supplemen-
tary information files]. The remaining unpublished datasets used and/or 
analyzed during the current study are available from the corresponding 
author upon reasonable request.

Declarations 

Conflict of interest The authors declare that they have no competing 
interests that are relevant to the content of this article.

Ethics approval Not applicable.

Consent to participate Not applicable.

Consent for publication Not applicable.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Hertz D, Schneider B. Sex differences in tuberculosis. Semin 
Immunopathol. 2019;41:225–37.

 2. Schurz H, Salie M, Tromp G, Hoal EG, Kinnear CJ, Möller M. 
The X chromosome and sex-specific effects in infectious disease 
susceptibility. Hum Genom. 2019;13:2.

 3. Das DK. Age and sex distribution in malignant and tuberculous 
serous effusions: a study of 127 patients and review of the litera-
ture. Geriatr Gerontol Int. 2015;15:1143–50.

 4. Yang W-T, Gounder CR, Akande T, De Neve J-W, McIntire KN, 
Chandrasekhar A, et al. Barriers and delays in tuberculosis diag-
nosis and treatment services: does gender matter? Tuberc Res 
Treat. 2014;2014: 461935.

 5. Horton KC, Sumner T, Houben R, Corbett EL, White RG. A 
Bayesian approach to understanding sex differences in tuberculo-
sis disease burden. Am J Epidemiol. 2018;187:2431–8.

 6. Li XX, Zhou XN. Co-infection of tuberculosis and parasitic dis-
eases in humans: a systematic review. Parasit Vectors. 2013;6:79.

 7. Ndeikoundam Ngangro N, Chauvin P, Halley des Fontaines V. 
Determinants of tuberculosis diagnosis delay in limited resources 
countries. Rev Epidemiol Sante Publique. 2012;60:47–57.

 8. Long NH, Johansson E, Diwan VK, Winkvist A. Different tuber-
culosis in men and women: beliefs from focus groups in Vietnam. 
Soc Sci Med. 1999;49:815–22.

 9. Cai J, Wang X, Ma A, Wang Q, Han X, Li Y. Factors associ-
ated with patient and provider delays for tuberculosis diagnosis 

https://doi.org/10.1007/s15010-024-02206-z
http://creativecommons.org/licenses/by/4.0/


Tuberculosis case fatality is higher in male than female patients in Europe: a systematic review…

and treatment in Asia: a systematic review and meta-analysis. 
PLoS One. 2015;10: e0120088.

 10. Hudelson P. Gender differentials in tuberculosis: the role of socio-
economic and cultural factors. Tuber Lung Dis. 1996;77:391–400.

 11. Theobald S, Tolhurst R, Squire SB. Gender, equity: new 
approaches for effective management of communicable diseases. 
Trans R Soc Trop Med Hyg. 2006;100:299–304.

 12. Krishnan L, Akande T, Shankar AV, McIntire KN, Gounder CR, 
Gupta A, et al. Gender-related barriers and delays in accessing 
tuberculosis diagnostic and treatment services: a systematic 
review of qualitative studies. Tuberc Res Treat. 2014;2014: 
215059.

 13. Michira BN, Alkizim FO, Matheka DM. Patterns and clinical 
manifestations of tuberculous myocarditis: a systematic review 
of cases. Pan Afr Med J. 2015;21:118.

 14. Lin C-J, Lee S-W, Liu C-W, Chuu C-P, Kao Y-H, Wu LS-H. 
Polymorphisms of suppressor of cytokine signaling-3 associ-
ated with susceptibility to tuberculosis among Han Taiwanese. 
Cytokine. 2019;114:11–7.

 15. de Almeida CPB, Ziegelmann PK, Couban R, Wang L, Busse 
JW, Silva DR. Predictors of in-hospital mortality among 
patients with pulmonary tuberculosis: a systematic review and 
meta-analysis. Sci Rep. 2018;8:7230.

 16. Fok A, Numata Y, Schulzer M, FitzGerald MJ. Risk factors for 
clustering of tuberculosis cases: a systematic review of popula-
tion-based molecular epidemiology studies. Int J Tuberc Lung 
Dis [Internet]. 2008;12:480–92. https:// pubmed. ncbi. nlm. nih. 
gov/ 18419 882/.

 17. Barnabishvili M, Ulrichs T, Waldherr R. Role of acceptability 
barriers in delayed diagnosis of tuberculosis: literature review 
from high burden countries. Acta Trop. 2016;161:106–13.

 18. Rhines AS. The role of sex differences in the prevalence and 
transmission of tuberculosis. Tuberc Edinb. 2013;93:104–7.

 19. Horton KC, MacPherson P, Houben RMGJ, White RG, Corbett 
EL. Sex differences in tuberculosis burden and notifications in 
low- and middle-income countries: a systematic review and 
meta-analysis. PLoS Med. 2016;13: e1002119.

 20. van den Hof S, Najlis CA, Bloss E, Straetemans M. A systematic 
review on the role of gender in tuberculosis control [Internet]. 
TB CAP; 2010 Sep. p. 195. https:// www. kncvt bc. org/ uploa ded/ 
2015/ 09/ Role_ of_ Gender_ in_ TB_ Contr ol. pdf.

 21. Hassenstein MJ, Aarabi G, Ahnert P, Becher H, Franzke C-W, 
Fricke J, et  al. Selbst berichtete Infektionen in der NAKO 
Gesundheitsstudie – Einordnung in die gegenwärtige Forschun-
gslandschaft. Bundesgesundheitsblatt - Gesundheitsforschung - 
Gesundheitsschutz [Internet]. 2020 [cited 2023 Jul 19];63:404–
14. https:// doi. org/ 10. 1007/ s00103- 020- 03114-x.

 22. Glaziou P, Arinaminpathy N, Dodd P, Floyd. Methods used by 
WHO to estimate the global burden of TB disease [Internet]. 
Geneva: World Health Organization; 2021. p. 29. https:// www. 
who. int/ publi catio ns/m/ item/ metho ds- used- by- who- to- estim ate- 
the- global- burden- of- tb- disea se.

 23. World Health Organization, editor. Definitions and reporting 
framework for tuberculosis—2013 revision: updated Decem-
ber 2014 and January 2020 [Internet]. Geneva: World Health 
Organization; 2020 [cited 2024 Feb 1]. https:// www. who. int/ 
publi catio ns- detail- redir ect/ 97892 41505 345.

 24. Moher D, Liberati A, Tetzlaff J, Altman DG, Prisma Group. Pre-
ferred reporting items for systematic reviews and meta-analyses: 
the PRISMA statement. PLoS Med. 2009;6: e1000097.

 25. Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. 
Rayyan—a web and mobile app for systematic reviews. 
Syst Rev [Internet]. 2016;5:210. https:// doi. org/ 10. 1186/ 
s13643- 016- 0384-4.

 26. JBI. Critical appraisal tools [Internet]. [Cited 2022 Nov 26]. 
https:// jbi. global/ criti cal- appra isal- tools.

 27. Yi Y, Lin A, Zhou C, Jian Z, Wang S, Luo P. Onlinemeta: a web 
server for meta-analysis based on R-shiny. bioRxiv [Internet]. 
2022;2022.04.13.488126. https:// doi. org/ 10. 1101/ 2022. 04. 13. 
488126.

 28. University of Amsterdam, Department of Psychological Meth-
ods. JASP—a fresh way to do statistics [Internet]. 2018 [cited 
2022 Nov 26]. https:// jasp- stats. org/.

 29. Posit Software. Posit cloud—do, share, teach, and learn data sci-
ence [Internet]. Boston: Posit Software, PBC formerly RStudio, 
PBC; 2022. https:// posit. cloud/.

 30. McGuinness LA, Higgins JPT. Risk-of-bias VISualization (rob-
vis): an R package and Shiny web app for visualizing risk-of-
bias assessments. Res Synth Methods [Internet]. 2021 [cited 
2022 Nov 26];12:55–61. https:// doi. org/ 10. 1002/ jrsm. 1411.

 31. Zapf A, Castell S, Morawietz L, Karch A. Measuring inter-rater 
reliability for nominal data—which coefficients and confidence 
intervals are appropriate? BMC Med Res Methodol [Inter-
net]. 2016 [cited 2021 Sep 29];16:93. https:// doi. org/ 10. 1186/ 
s12874- 016- 0200-9.

 32. Viechtbauer W. Conducting meta-analyses in R with the metafor 
Package. J Stat Softw [Internet]. 2010 [cited 2023 May 2];36:1–
48. https:// doi. org/ 10. 18637/ jss. v036. i03.

 33. Viechtbauer. Meta-analytic scatter plot (bubble plot) [Internet]. 
Metaf. Package—Meta-Anal. Package R. 2022 [cited 2023 Apr 
26]. https:// www. metaf or- proje ct. org/ doku. php/ plots: meta_ analy 
tic_ scatt erplot.

 34. Al-Rahamneh MJ, Al-Rahamneh A, Guillén-Grima F, Arnedo-
Pena A, Aguinaga-Ontoso I. Mortality trends for tuberculosis 
in European Union countries, 2000–2010. Enfermedades Infecc 
Microbiol Clin Engl Ed. 2018;36:342–51.

 35. Zaridze D, Brennan P, Boreham J, Boroda A, Karpov R, Lazarev 
A, et al. Alcohol and cause-specific mortality in Russia: a retro-
spective case-control study of 48 557 adult deaths. Lancet Br Ed 
[Internet]. 2009;373:2201–14. https:// www. cabdi rect. org/ cabdi 
rect/ abstr act/ 20093 178395.

 36. Murray CJL, Ortblad KF, Guinovart C, Lim SS, Wolock TM, 
Roberts DA, et al. Global, regional, and national incidence and 
mortality for HIV, tuberculosis, and malaria during 1990–2013: a 
systematic analysis for the Global Burden of Disease Study 2013. 
Lancet [Internet]. 2014;384:1005–70. https:// doi. org/ 10. 1016/ 
S0140- 6736(14) 60844-8.

 37. Public Health England. Tuberculosis in the UK: 2014 Report 
[Internet]. London: Public Health England; 2014. p. 97. https:// 
assets. publi shing. servi ce. gov. uk/ gover nment/ uploa ds/ system/ 
uploa ds/ attac hment_ data/ file/ 360335/ TB_ Annual_ repor t__4_ 0_ 
300914. pdf.

 38. Public Health England. Tuberculosis in England: 2020 report (pre-
senting data to end of 2019) [Internet]. London: Public Health 
England; 2020. p. 191. https:// webar chive. natio nalar chives. gov. 
uk/ ukgwa/ 20210 31004 5934/ https:// www. gov. uk/ gover nment/ 
publi catio ns/ tuber culos is- in- engla nd- annual- report.

 39. Drobniewski F, Eltringham I, Graham C, Magee JG, Smith EG, 
Watt B. A national study of clinical and laboratory factors affect-
ing the survival of patients with multiple drug resistant tubercu-
losis in the UK. Thorax [Internet]. 2002;57:810–6. https:// doi. org/ 
10. 1136/ thorax. 57.9. 810.

 40. Ilic M, Ilic I. Gender disparities in mortality from infectious dis-
eases in Serbia, 1991–2014: a time of civil wars and global crisis. 
Epidemiol Infect [Internet]. 2016;144:2473–84. https:// doi. org/ 
10. 1017/ S0950 26881 60013 45.

 41. Olurotimi Bankole A, Zubair K, Terry OC. Survival analysis of 
adult tuberculosis disease. PLoS One [Internet]. 2014;9:1–10. 
https:// ideas. repec. org/a/ plo/ pone00/ 01128 38. html.

 42. Romanowski K, Baumann B, Basham CA, Ahmad Khan F, Fox 
GJ, Johnston JC. Long-term all-cause mortality in people treated 

https://pubmed.ncbi.nlm.nih.gov/18419882/
https://pubmed.ncbi.nlm.nih.gov/18419882/
https://www.kncvtbc.org/uploaded/2015/09/Role_of_Gender_in_TB_Control.pdf
https://www.kncvtbc.org/uploaded/2015/09/Role_of_Gender_in_TB_Control.pdf
https://doi.org/10.1007/s00103-020-03114-x
https://www.who.int/publications/m/item/methods-used-by-who-to-estimate-the-global-burden-of-tb-disease
https://www.who.int/publications/m/item/methods-used-by-who-to-estimate-the-global-burden-of-tb-disease
https://www.who.int/publications/m/item/methods-used-by-who-to-estimate-the-global-burden-of-tb-disease
https://www.who.int/publications-detail-redirect/9789241505345
https://www.who.int/publications-detail-redirect/9789241505345
https://doi.org/10.1186/s13643-016-0384-4
https://doi.org/10.1186/s13643-016-0384-4
https://jbi.global/critical-appraisal-tools
https://doi.org/10.1101/2022.04.13.488126
https://doi.org/10.1101/2022.04.13.488126
https://jasp-stats.org/
https://posit.cloud/
https://doi.org/10.1002/jrsm.1411
https://doi.org/10.1186/s12874-016-0200-9
https://doi.org/10.1186/s12874-016-0200-9
https://doi.org/10.18637/jss.v036.i03
https://www.metafor-project.org/doku.php/plots:meta_analytic_scatterplot
https://www.metafor-project.org/doku.php/plots:meta_analytic_scatterplot
https://www.cabdirect.org/cabdirect/abstract/20093178395
https://www.cabdirect.org/cabdirect/abstract/20093178395
https://doi.org/10.1016/S0140-6736(14)60844-8
https://doi.org/10.1016/S0140-6736(14)60844-8
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/360335/TB_Annual_report__4_0_300914.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/360335/TB_Annual_report__4_0_300914.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/360335/TB_Annual_report__4_0_300914.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/360335/TB_Annual_report__4_0_300914.pdf
https://webarchive.nationalarchives.gov.uk/ukgwa/20210310045934/https://www.gov.uk/government/publications/tuberculosis-in-england-annual-report
https://webarchive.nationalarchives.gov.uk/ukgwa/20210310045934/https://www.gov.uk/government/publications/tuberculosis-in-england-annual-report
https://webarchive.nationalarchives.gov.uk/ukgwa/20210310045934/https://www.gov.uk/government/publications/tuberculosis-in-england-annual-report
https://doi.org/10.1136/thorax.57.9.810
https://doi.org/10.1136/thorax.57.9.810
https://doi.org/10.1017/S0950268816001345
https://doi.org/10.1017/S0950268816001345
https://ideas.repec.org/a/plo/pone00/0112838.html


 S. Pape et al.

for tuberculosis: a systematic review and meta-analysis. Lancet 
Infect Dis. 2019;19:1129–37.

 43. Ledesma JR, Ma J, Vongpradith A, Maddison ER, Novotney A, 
Biehl MH, et al. Global, regional, and national sex differences 
in the global burden of tuberculosis by HIV status, 1990–2019: 
results from the Global Burden of Disease Study 2019. Lancet 
Infect Dis [Internet]. 2022 [cited 2022 Nov 30];22:222–41. https:// 
doi. org/ 10. 1016/ S1473- 3099(21) 00449-7.

 44. Melsew YA, Doan TN, Gambhir M, Cheng AC, McBryde E, 
Trauer JM. Risk factors for infectiousness of patients with tuber-
culosis: a systematic review and meta-analysis. Epidemiol Infect. 
2018;146:345–53.

 45. Bushra AW, Zeynudin A, Dejene T, Wolde M, Sudhakar M. Risk 
factors for tuberculosis after highly active antiretroviral treatment 
(HAART) initiation among HIV patients: a systematic review. JBI 
Libr Syst Rev [Internet]. 2012;10:3561–95. https:// journ als. lww. 
com/ jbisr ir/ Abstr act/ 2012/ 10550/ Risk_ facto rs_ for_ tuber culos is_ 
after_ highly_ active. 1. aspx.

 46. Pradipta IS, Forsman LD, Bruchfeld J, Hak E, Alffenaar JW. Risk 
factors of multidrug-resistant tuberculosis: a global systematic 
review and meta-analysis. J Infect. 2018;77:469–78.

 47. Rowley E, Mugala N. Sex-disaggregated tuberculosis data call for 
gender-equitable tuberculosis control. Lancet Infect Dis [Inter-
net]. 2022 [cited 2022 Nov 30];22:155–6. https:// doi. org/ 10. 1016/ 
S1473- 3099(21) 00617-4.

 48. Chikovore J, Pai M, Horton KC, Daftary A, Kumwenda MK, Hart 
G, et al. Missing men with tuberculosis: the need to address struc-
tural influences and implement targeted and multidimensional 
interventions. BMJ Glob Health [Internet]. 2020;5:e002255. 
https:// doi. org/ 10. 1136/ bmjgh- 2019- 002255.

 49. Harris R, Millington K, Horton KC. The clock is ticking for a gen-
der-sensitive response to End TB [Internet]. LSTM. 2021 [cited 
2022 Nov 30]. https:// www. lstmed. ac. uk/ news- events/ blogs/ the- 
clock- is- ticki ng- for-a- gender- sensi tive- respo nse- to- end- tb.

 50. World Health Organization. Global tuberculosis report 2016 
[Internet]. Geneva; 2016. p. 142. http:// www. who. int/ tb/ publi catio 
ns/ global_ report/ en/.

https://doi.org/10.1016/S1473-3099(21)00449-7
https://doi.org/10.1016/S1473-3099(21)00449-7
https://journals.lww.com/jbisrir/Abstract/2012/10550/Risk_factors_for_tuberculosis_after_highly_active.1.aspx
https://journals.lww.com/jbisrir/Abstract/2012/10550/Risk_factors_for_tuberculosis_after_highly_active.1.aspx
https://journals.lww.com/jbisrir/Abstract/2012/10550/Risk_factors_for_tuberculosis_after_highly_active.1.aspx
https://doi.org/10.1016/S1473-3099(21)00617-4
https://doi.org/10.1016/S1473-3099(21)00617-4
https://doi.org/10.1136/bmjgh-2019-002255
https://www.lstmed.ac.uk/news-events/blogs/the-clock-is-ticking-for-a-gender-sensitive-response-to-end-tb
https://www.lstmed.ac.uk/news-events/blogs/the-clock-is-ticking-for-a-gender-sensitive-response-to-end-tb
http://www.who.int/tb/publications/global_report/en/
http://www.who.int/tb/publications/global_report/en/

	Tuberculosis case fatality is higher in male than female patients in Europe: a systematic review and meta-analysis
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Search strategy and selection criteria
	Data extraction
	Risk of bias assessment
	Data analysis
	Random-effects meta-analyses of sex-associated TB fatality
	Meta-regression

	Results
	Systematic review
	Meta-analyses of individual effect estimates of sex-stratified TB fatality
	Main analysis
	Additional analyses
	Factors modifying the association between sex and TB fatality

	Discussion
	Main findings
	Limitations

	Conclusion
	Acknowledgements 
	References


